Objective: Paired associative stimulation (PAS) is a transcranial magnetic stimulation technique inducing Hebbian-like synaptic plasticity in the human motor cortex (M1). PAS is produced by repetitive pairing of a peripheral nerve shock and a transcranial magnetic stimulus (TMS). Its effect is assessed by a change in size of a motor evoked response (MEP). MEP size results from excitatory and inhibitory influences exerted on cortical pyramidal cells, but no robust effects on inhibitory networks have been demonstrated so far. Method: In 38 healthy volunteers, we assessed whether a PAS intervention influences three intracortical inhibitory circuits: short (SICI) and long (LICI) intracortical inhibitions reflecting activity of GABA A and GABA B interneurons, respectively, and long afferent inhibition (LAI) reflecting activity of somatosensory inputs. Results: After PAS, MEP sizes, LICI and LAI levels were significantly changed while changes of SICI were inconsistent. The changes in LICI and LAI lasted 45 min after PAS. Their direction depended on the delay between the arrival time of the afferent volley at the cortex and the TMS-induced cortical activation during the PAS. Conclusions: PAS influences inhibitory circuits in M1. Significance: PAS paradigms can demonstrate Hebbian-like plasticity at selected inhibitory networks as well as excitatory networks.
Introduction
From animal studies it is known that intracortical inhibitory circuits are involved in cortical plasticity in two different ways. (i) In vitro studies have demonstrated that decrease of local inhibitory activity accompanies and promotes the development of long-term potentiation (LTP) (Stelzer and Shi, 1994; Castro-Alamancos et al., 1995) synaptic remodeling and cortical receptive field expansion (Chowdhury and Rasmusson, 2002) . (ii) Enduring changes in synaptic efficacy have been observed not only at excitatory synapses, but also at inhibitory ones (Woodin et al., 2003) . In humans there is indirect evidence that a decrease of local GABA A ergic inhibition in the motor cortex enhances dramatically the excitability in the intracortical circuitry during motor practice (Ziemann et al., 2001) while blockade of GABA B inhibition prevents the development of a cortical plasticity artificially induced by TMS (McDonnell et al., 2007) . These results fit with the former aspect of involvement of cortical inhibition in plasticity. In this paper we do not address the role of a decrease of local inhibition in development of plasticity, we focus on the development of plasticity at the level of inhibitory synapses during artificial induction of plasticity. Various transcranial magnetic stimulation (TMS) techniques can be used to induce non-invasively ''artificial" cortical plastic changes. Here we used the paired associative stimulation (PAS) technique, which may represent associative LTP-or LTD-like plasticity at a cell population level (Stefan et al., 2000; Wolters et al., 2003) . PAS has not been shown so far to be accompanied by lasting changes of shortinterval intracortical inhibition (SICI) involving GABA A receptors or of afferent inhibition (Stefan et al., 2002; Quartarone et al., 2003; Rosenkranz and Rothwell, 2006 ). Yet according to the prolongation of the silent period (SP, thought to involve GABA B inhibition) after PAS (Stefan et al., 2000; Quartarone et al., 2003) , implication of GABA B inhibition in PAS-induced after effects has been suggested. This has to be confirmed as SP is a complex parameter involving spinal as well as cortical mechanisms (Fuhr et al., 1991) and evidence for a contribution of GABA B receptor activation to the SP is weak and controversial (Paulus et al., 2008) .
We investigated the aftereffects of a PAS intervention on the excitability of several intracortical inhibitory circuits: those involving GABA A (SICI) and GABA B (LICI) synapses and also those fed by peripheral sensory inputs. Sensory stimulation can change motor
